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Prenelloplane Tra..aport Study o LA rt
Con-ract Noar 1677 (02) 1 .

The treorutical ar+ exparimental fuctification fer e oo imance,
stabilisty ane contr l of Filtineawi:~ rronell:.la; ¢ is crtainsd in
carlier LAC) vinc vuniel and free 1isit rodel “eets and ¢ eorstical
investiaticns conidiuet.@ v ailler .elic¢ ters as o8 1o iy,
The similicant conclusion reacii d as a roc 1% 0 » pocoar ey e
that the wini, in transition vrom ho:-ring % forear. “1il-hr, curivise
hutes irriediatel 2o 2re 1ift o' the aircra®™, and me .o 2or3’
emilidrium in Tl L4 2% vers low formrard sicedse O «val L. rrane
13 taa "act tiacd uue wruast 2.d power roaulresg gurir - osracsiti ce

cree8+d steadily .ro-. the jaxinum valwe resulred i overingg

The oracticabilit: =nd all-roind hest rossiril <ics ef t.c Hrerollere
1ifted, tiltin- vin - al-cratt =s a solution %o the (eratintal :ro:lem
of providinrs alr moiilitr “c. comiat trooss ani crrso is Zenonstrated
by two preliminar: desi mis ¢ Propelloplane Transorts wuuich ermloy
engines scheduled to ve :va‘lanle in 1957 nnd 170, resr-c ' Jelveg A
third desisn, ~ased on tie e<timatec charactericsics off o -irer t.at
will Yecone availabl: i1 177 is éoveloned ir cinsidera®le detail ‘o
show the outstandin< p rrorernee Lanrov ents -adt mav fe e Lol dee
to improverents in 2n~ine ner ‘ormance alonee

Fodel 1).f=-A, the 197 aircra’t, perforns the speciried mizsiecy -~ thout
compromise and at a desirn vrons welent of 71°50 po nose

Model 10:8=l, with Allison - 0-Bl engines, schodiled to be available in
) ] 9
19€0, and nsine ©ater infeen’ cn, wien necessarvy to v :rrit me~ting the

hover celling reqiirerente, alco parforns <he specifi=»d miscion :t at
a tale~-off :ross wei-nt of 101,700 pernise

Model 104%=D is identical *5 ..ciel 1747=\ excent ‘or ine cngincs, rear
boxes and prop:llerse it Allisor. T01=D? zas turtines, schoduled for
nroduction in 1957, drive rour dual-rotation, eirhi-. lade propellers
approximately 12 =2t 'r diamectere [hese prorellers use a crrrently
available Curtiss=Wripht hlade Jd.siene By usinz water injectior and
taking off at an overload sross veisht of 73,600 pounisy lozel 13/7%=D

can carry a payload of threc tons, with a radins of action of 210 niles,
assuming take-off from 6000 fueb altitude and 9%F¢ .ith stanciard tempor-
atures at this altitude, Model 10LC-D would he alle to carry “ic full four
ton payload the entir¢ rwdins of /%5 milese This macnine, is theretfore,
recomnended for inmediate Jdevelopente
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After World war IZ tae Tirgrn goincesst .l VTCL alrerett, tne ael prer,
18 enerpreticalls ilevelored. It nag rocelved fus tartd ¢ sire ir
saall numrers darin~ ine las: ' 5" L war, tul e ¥aorear onllice
hecame the provine -round o lar e lr testine of vie walicopier in
comtar, and i was tnere lnal U earned recornivior of iispensahle
auailiies Yor militars tra:spor: miscions. v the same Losen, ° fi-
Adeqxacies of reciprocatinie o sine driver, recor=liftes ayrerarl., for
ase in many future cocrmtal Lransyort tuntions was o servat Y Ares and
Yarire Corps leaders,
Conzurrently, post-—iar tevelorment of ~urro=iel and L Lenrn e T
plants opened the way 0 tne pousitiliv: of des:min- vertiea]l rising
airsraft not involvines the u ¢ laree dia rLoarticeint 4 or senje

articulated rotors, and nany scnemes were » :vance: Jor exnlcitiar this
nossitility. The most impressive early resilis vere t
fighters, tne X¥Y-1 and the Xi'Vl,

Inl9%personnel of the Arry Transportation Corps, recornizine tnat
comprenensive encineerinr studies were renuired tor ruidance in fuiure
development of combat transpor: aircraft, initiated a troad cvoperative
program of study and evaluation of various 7TOL and STCL aircra’t con-
cepts,

Because of its prior nistor: of 1nteres: irn nropeller-litfwea aircraf!
and as a pioneer exporent of the tilting-win- turtoe-nroneiler 1ifted
concept, Hiller Helicopters was awardeu in March, 1955, Contract llonr-
1657 (00) to study and evaluniz the develovmend orotlems invelved in
this sepment of tne VIOL aircraft prorrari.

In order to make possible a valid comparative ~valuation of the several
aircraft desirns issuine trom the different srouns involved in the pro-
rram, a statement of the operational problem and the 'wiform desien ccn-
ditions to te used as a tasis {or study was formnlated at a wmeecting of
the Military and contractor's representatives at the O“fice of Naval
Research on Anril 27, 1955, and amplified bty later meetinrs and direc-
tives.

Within the frame work established by specification and arreement, the
primary objective of the work to be performed by Hiller Helicooters was
to make a preliminary design of the optimum tilting-wing turbo-proveller
lifted aircraft capable of accomplishing the specified mission. A sum-
mary of the results of that work is presented in this report.
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Propelloplane Transport Study
Conirac: Nonr 1657 (00)

A. MISSION

umrary teport
May 1656

>

Py N noe v RO Y
SECTICH I = DEFINING THE PilbLzy
PR S e s S =

LEQUIREMENTS s

Tne operational probler and spe
category of aircraft were

a)

b)
c)

d)

e)

f)

g)
h)

1)

j)

Payload

Take-07{ Distance

Cabin Size

Cargo

Hover Ceiling

Minimum Cruise Speed
Radius of Action

Flight Profile

Landing Surface

One Engine Out
Performance

R . (YL .Yy
cified cnaracteristics of +he Y70

vated as follows:

nt}“ 13‘!‘. ‘JU',
000 1tse return

0' over a 50' obstacl

8t x 9' x Lengtn Required for
35S Troops

J5 Combat Troops or £quivalent
Welipht of Vehicles or Equipment

6000 Altitude and 959F. Ambient
Temperature

300 MPH
i25 Statute Miles

Cruising Altitude Optional Excent
for 20% of Radius Adjacent to
Destination at Sea Level

For Rolling Take-Off
M= 2; Ul = 15

Aircraft to demain Controllable
following failure of One Engine
and be able to make a "Controlled
Crash" Landing

Several items of considerable importance in their effect on the
parameters of the aircraft were necessarily unspecified in order to

accommodate a wide range of types.

In repgard to these optional con-

ditions, assumptions were made which seemed compatible with the
mission and type of aircraft being considered by this contractor:
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fovar Juration:
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che time rejiired %o takeo’l, clim werticallx ¢ ‘
ltitude and ceonvert o Yorrard Uiiril vas a
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2)

3)

~inue. A olal time ¢l |, minuvtes per ~isslon was allove
for take-offs, conversions, a:i landinps. laasure-ant of ne

time required for f:lly loaded Do:irlas -4 ar i Lockheed
Constellatior aircrart Lo acceleraste from rast and zslis=b ¢

poroximately S0 feet indicates that “ne assumed time of one
» ] " 9 . .

minuse is excessive., The low power loadinr of V(L alrcrace

comnared to fixed wine airliners assurces a ~uch Hlr~ner acrel-

eration ard indicaves waal under normal conditions consider-
atly less time wo:ld te renuired, ine win-: Uil actuating

mechanism was desimed wo %ile tae wine {n cconise.

Cruisirr Altitude:

Cruising Altitude has reern artitvrarile linited o ; ool

to rake possible safe opcration without nrescurizinge the cabin,
This assumption nossitly imnoses a penalty wpon tic desim,
tecause in addition to the usual performance ~ains associat

with increased alti:ude, tae increased oropulsive efliciency

of the propellers, which are nccessarily toc “i~ntly loaded in
forward flirht at low altitudes, micht more *an conmvensacte ‘or
the increased structural wei~ut and pressurizine cquinment.

The effect of altitude was not included ir selectine the varare-
ters of the ontimum airecraft, tecause it would increass the work
renuired htevond our capacity in the sched:led per.od, and tocause
the intended employment of the aircraft accents its low altitiude
capabilities. The effect of cruise altitude on mission perform-
ance for the firal ontinum desien is shewn in Figure 10,

Provision for “ngine-Failure Safety:

The requirement for ability to make a "controlled crash"
landing followine~ failure of one encine is tihe least amena-
ble to proof outside of actual experience. Our desims are
based on tne premise that if adequate reserve nower is avail-
able to reduce the the rate of descent to a moderate value fol-
lowing failure of one engine and reduction in nower of one
other engine as required to ottain trim, plus some swall
allowance for roll control, then interconrecting shafts may

be dispensed with. The optimum aircraft will hover out of
ground effect at 5400 feet altitude in the standard atmosphere
with the most critical power section inoperative and the re-
maining power sections delivering normal rated power. The
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Tne specificd rid oo~ spewd i r..cur
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wdr. Power plant :ann ceorent durins sruisins Tlirnt wa
“he subject of a scpn *ide alred levgr-~iring-the
ntinws dvisiorn of (redus:d) nover amon~ *ue oi~n* {sstalled

rourer sections,
) Load Faciors:

Specification of 11 i* load {actors is necessarm for tiose
cornonents of tue aircraft whose weirhts can nobt be estimated
from emnirical forrulae derived from existine ajrcrafi. For
the tilting-vin~ aircraft these include tne win~ welrht and
weipht of hinpes, actuatine mectanism and cortirol devices,
Load factors closcly anproximatins those sprcilied by apnli-
cahle Civil Aeronautics Authority requireier*s for aircraft
of similar size anc Tunction were selected.

e R .
ECTICN I1 - JZSI JARIABLES
| —————— ,

A. Ccrfipurational Variablos:

The major alterrative confirurations considerec.: ‘n this stundy
prior to the sel:ctior of the [inal desipn are illustrated in
Figure 1« The mr-t basic of these is the nuiber and arrancement
of power plants. propellers, and nacelles, Preliminarr wei~ht
estimates indicated that the two nacelle conficuration was in-
ferior to the four nacelle confi~uration in aircraft larger tian
approximately 60,000 pounds, and more detailed reccent studies made
in connection with another model indicate that, dependins unon the
hover ceilin~ and powrr plant characteristics assumed, this weicht
may be as low as /10,000 pounds. Practical considerations, such as
maintairing moderate propeller diameters, reducin~ sear box sizes,
and eliminatine the interconnecting shafts, also, influenced the
decision to use four nacelles.
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rear roxes and snaliine jggddnnd o ave ) vt life
for f.1l encr-enc: load ard in norral operation :9rr-ies onle tue
w.swmmetrical loac€ d»~ 10 control verente al ral 10 vare
{oticns In oropellor io#xd du S pib Fo . et . :
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o1, tne for=nrazelle, ¥ g U i shsinatiics oA
for this sludi.
fowr metiods o ~rovedin - . liarme lon-iv al a:4 recticia
correl in coverine are veate iy loe mevnol fnveluin- :
0" Y1laed a‘r fror L0 -3l ~l 1o compr re WO tearly ralen :

dee Lo the detrimental 7 %ect an cnrine o inionay o Lhe larrce
aantities of "leed air reayireds Our estimates ‘ndicated that
from a wei~ny cLand oint tail rotors and tail lets nl's *he “uel

required for tneir operatiun vere rougaly entjvalent with
e

cone

acvantare accriins te Lhie nere «fficient tnrust ~rodecing rotors.
dowever, in owr jud~rent the advantare was rot ~reat e:ouzd o
varrant the cormplication, drair in forward lirut, vitration. and
aintenarce 4ifficulty incurres b their vre, The 2iph sne. fic
turust, small size turbo-ict enranes noy ' -in~ oroiuced are »ically

o
suited to “nis siort life, Lutermaitient opwration apnlicatiorn.

Threc fuel stora-e locations 2re illustrated. each havin~ some
acyarie .5, For maximum acrodrnanic and structural efiiciency tue
wing, tip locatiou is favored. In the firal optimum desirm the ons-
board nacelles were loc2ten at tue tips so tnat the underslung tanks
wvere required. This position aids in ottajnine prover center-of-
gravit movement of the eircraft durines transition fror -ertical to
forward fiirsht and is ravored rrcm a safety and constructional svtand
roint over the fuselare hcld location.

The selected landinr ¢ear arranrement consists of a wheel and skid
combination which provides a rolling contact area havins a Unit
Construction Index of li1 and is 2dequate for use on flexible pave-
ments and landin~ matse. With the skids lowered for vertical landing
on unprepared surfaces, the contact areca is si.""icient to rive a
pressure approximately the same as that of a truck, 3/l ton, L x l,
veapons carrier,

Ut
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Jectives within the neriod available, The [sllowin-~ rarameters

.
were considereds

a) (iross weicht

b) Wine Loadins

c) Aspect Ratio

d) Propeller Disk Loadins
e) Proneller Tip Speed

£) Number of Blades

g) Blade Activite Factor

Specificatior of Furnishings and Ejuiprment:

It has teen observed that considershle variation exic's awenz
the various prouns concerned in the nres:nt prorram as tc tae
veirht allowance made {or tie aircraft furnishines anc fixed
equioment. In this stud:- a cornscientious effort -'as made to
make weirht provision for all the nwacrous rpicces ol operaticnal
equipment ultimately demanded in a fully developed military
transport aircraft, The list of items considecred wes adaptel
from the standard furnishings and eqninment rroups of currently
operational military cargo aircraft; therefore this rroup wveipnt
is subject to review bv the procurin~ a~ency if it aovears that
certain items are superfluous in the intended emplovment of the
aircraft.
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develop Model 10:.°-3, degsirmed around tne Allison Mudel -#1 ras *ire
9 I ' 4 sa3 Y als v 3 N 3 \g! v \ 3
pine, scheduled for availacility 1n 1960. lo:el 10 -D was iuclu:a
show hov minor revisions in the spesilied mission rajiive-ert

permit imrediate developrent of a - .actical racxine.

" N . . L . N . ] _
A H'!’.O!"‘l ATPANTCrANY JUAawInre Lovonel 1 o ™vy 4 -7, el v, Farat T,
o 3 > , 3R] . . e - -
is included for information. Wore or RREr A - b
3 L . 0 3 sed 3 . . ey "y . y N, 1 . v
a prelirinsrs weir-ht estimate wier it D:came orvio Lot g ‘

corpetitive with the four-rnacelle confiruration.

gdeneral Avrran-erent Jrawine 10.7=-A-201 and Itnboard Profile Urawing 17.°-
apply spccificallr to Model 17 -A. Sinilar -irawin-s for ronels 10.7-8 and
10l:7=D were not prepared tecausc of their nearl- i iertical “eaturcs, e
differences in Ainensions of the three models are listed in the cahle of

leading poriiculars,

-3 *3)

A. DusI N FEATULS:

l. Pilct's Catin

Yeirht and space vrovisicn: have teen made for a pilot, corilot,
and flicht engineer. Access to the nilot's cabin is rrovi ied
throuch an interral sice door an: ladder or through the <cor
leadins to the cargo compartment. An enermency escape natch and
tube to the bottom of the fuselaire is also provided. .. 2irht and

: space provision for the electronic and communication equirment
| is made on the flight deck adjacent to the fli~ht enrineer's
! station.

2. Carpo Compartment:

J I Cargo compartment dimensicns sre 97 x 9' x 33', and it has a
capacity of 39 infantry troops or 1€ lillers or one Lruck, 1-1/2
' ton, A x 6, cargo and personnel carrier, or 3 trucks, 1/ ton,
I Il x L, utility. The large, unobstructed, rear loading ramp may te
lovwerad for esround loadings or raised to truck hed heirnt.,
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2 Sully reursciacie corllieation and v 0} P o epal
0! g e ifhtery, 4] HEg 1 n dor roxtlloeg
donngte flotatiu e 5.1 AT ar
g ;ate tire contact rrea or ovoration ¢ .vavs,
The siide are ayiraulically retractatle 0 e Jomeard Tligat
ndine sosition, a0 latdin: Ledl 1S ac iy

The elnhit pouer caciiors are -eared in 2airs to four ‘ialeretavicr
six-tladed oropeilers, Fircualls btetweern tie oover acitions and

ndivicdial oil ranks and conlers are orovized for axinun orotec-
tion 2~ainst enrine failure. Overrunning cle- Petireern tie
pover section otyut shalts and «ear tox innst swaafts nrovide for

disen-e-erent of a failca pov2r section or “or voluntary shut down
of nower sections {n cruisine.

S. “Winn-Tilt lhechanism (Dravir;: 101,"A=003):

Structural efficiency o e wing is rot impa.r.-i v+ the hinged
conr:2ction te the fuselace, The larire cross sectional areas, twce
spar, taperecd, cantilever w-.n:- beam is coi.tinuo:s (rom tin to tin.

The winr is hinred at the rear spar, locatoed ot U nrcent
chord station. Cocriinated tall bearine eccre facss. rowerco by
5 central /[0 horsenower nyvdraulic noterstilt -he winz through its

90° ilt rance in UZenty secon s, th ap!:oxipate tire required to
accelerate tae aircraft from hover Lo airvlane "light speed. An
emerrency standby electric motor and hand cran+ are availakle to

actuate the screw jaciks in tne event of .vdraulic svstem failure.

The critical compression load on the screw jacks was found to

cccur on the cround when a norizontal deceleratirng rorce is applied

to the aircraft with the wing in the vertical position. Hydraulicaliy
actuated lock=-pins secwre the wins in the airplane configuration.

6. Control Functions (Drawings 10L4SA-00L and 10L8A-00%):

In addition tu the usual airplane surface controls, Models 10/,fA,
10L48B, and 104ED are provided with auxiliary means for control in
novering and low speed forward flight. Longitudinal and directional
control are provided by directing the exhaust pases of a small turbe-
jet engine, mounted in the tail of the aircraft., Lateral control is
obtained by varying differertially the power output of the power
sections on opposite sides of the aircraft in response to motions of
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COLVIOL 11 tue mo:t 2ritical fiicn cond tiirsSe Thess wumiesnis
are ovrcratad onls acrin~ the tane-otf, conversior, ar andinre
{ The may als» te usec gs avx-l.ary woier sources for ciartins ni

main encine.

Be LEADING PAUTICULANS AMD PLAFCREANCE SUARACTERILTICS:

Mc el 10LPA and Model 10.°D nre icerdi @l 1n wsimn cxeapt for ve
installed poirer nlancs ard pronellers, Model 10L°A is the ontimum,
ieee, the minimum rross weicht aircraft, capable of accomplisnine the
mission using engines having Lhe characteristics wiich are cslimated
to be attainable by 1965, Medel LOLPD is based on tne rmorantecd
characteristics of the Allison 501-D? engines schedrled {or rroduction
in 1950 end takes advantace of tihe increased performance obtained by ¢ e
use of water injection. Py makir~ the initial take=-off with vater in-
| jection and witl. a 20 purcent overioad, Model 104D is able to accowr.isn
’ a reduced mission which is compared graphical with the specificd mission
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LonLracy Lorr 1 i ay

in 71 'wre 2, Trne prorell:r blades specified for lodel 105 L oay
crgionents 0 a Surtissenrisnt propeller cursently i: vroicetine,
hodel 1.0.°D represcnts, inerefore, a: irr.diatelv ‘evelonal 1

nractica. Provcllorlarne transno:rt aircralt.

¥odel 104L™B represents a close approxiravion to the timw alrcract
asad or. tze I the Allisor, -8l ras Lurti: e ¢ o uroticLio
ke 1990, and asing propellicis whicn are smalle-r tasn lecigns currently
einr aoveloped for use by 190C. 3y asine water ind ciion, roger
can periorm e conplece nission witnout compromise, [Iie comparative
wel~y [ Fodels 12494, 10,72, and 10L7°D are saowr .r. Firure 5, Cose
leie fireup Wei-nt Statenents “or each rodel are ‘ahrelaved i Tatle T,

Firure . shows :he percentare wei-nt breakdorm of 'cdel 10.7A. Tne

weirht of the vurto-prop en-ines, their reduction “earins, tne l:fting
! propcllers, 2nc tha tatl terio-let encines, crouped ic ether ag a power

plant weirkt, beccmes almost ¢nual vo the airframe and centrols welmnt.

10 prreont of the ~ross weirsl.t is still available for usef-l le=d at

the strintent dasion verticel take-of condition of 5% at & jres-

‘ sure altitude. This Tipure compares with perhaps about |8 vercent fer

- a nornal airplare.

The most rorvard and most rearvard c.7. positions anticirated are
shown on Drawine 10L7A-001. Parload shifts of 50 inches are included
within there maximum c.r. travels of 10 inches and 10 incnes for tne
wine level and wine vertical conditions, respectively.

The leadine particulars of reci model are shown in Tahle 1l.

A comparative performance swaary is shown in Tatle 111,

- C. CHARACTERISTICS OF MODEL 10LFA:

| The remainder of this s=2ction is devoted to a discussion ¢f the out=-
standing characteristicsof th> optimun aircraft, liocel 10//'A.

l. Basic Operating Characteristics:

Fisure S shows how the low equilibrium forward speeds of the
optimum machine increase approximately 20 miles per hour for each
10 desrees of forward tilt of the winre This machine would thus
be traveling about 60 MNPH when the winrm was tilted 30 ‘lesrees
forvard of the vertical.

] P SE— S— —
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Contract Nonr 1657 (00) 1% Ha: C
Hiller Helicopters! experienc: with e ciuzied fan flyin: piatferm
nas inawcaved wnat wihen & flow 1 Yorciily directed, i that case

2e

bty tne urcpeller duct, in this case vr t.e wins caord, tire corre-
socndence between air speed and ancle setiine is a rost - ositive
and preciseiy defined function,

Fipure O snows nov »auir the propeller “arust ar.i required enjine
powel beth decrease as the vine anple is decreased ron Lhe
de~ree vertical position used in hoverings and foruvard spoed 1S
raincds These -desirable calculaver. basic characteristics ha
teen ~cneraily confirmed by HACA test results, These curve!
tesca uncn an aralysis of this particulnr case and include
effect of rounvin~ the outbrard nacelles at the winrs tins,

Propelloniane Stahility and Control Characteristics:

)

The curved lines on Firure 7 snow the fracticn ¢ sross el -at
that nust e supnlied as tail jet up or dewn force irn noverj:
the low forvard speed porticn or transition [li~ht, lc tail .

up or down force is shown to be required at wine anples-cf-at:a
of 60 deprees or less. At this anrle and lower anrles and at »
corresponding forward speeds of 60 iPH and more. the horizonta
tail can eenerate enourh pitchine moment to trim ihc aircraft. °
small magnitude of these required tail jet tnrusts, tased upor @
results, and consideration of the favorable shift of the aircrat
center-of-gravity as the proneller-engine-wine asserbly is tilted
forvard, is noteworthy. Only 2 percent of rross weisht is regui:
in up or down jiet thrust to trim the machine. Actually, t % ncrce
is made available even with one of the three tail turbe-jiet en7sin
inoperative to provide a substantial margin to handle wiusual con-
ditions and provide renerous power to insure adequately airh niter
ing anpular acceleraiion and thereby the achieverent of prorpt
conirol response.

In hovering and low forward speed flight we have proviaed anmular
acceleration contrsl »owers of at least 12 dcrrees/seconde atcut al)
three axes. The imposition of a transient power increase of 12
percent on cne outhoard nacelle and a powcr reduction of 1? nercernt
on the opposite outboard nacelle will pgive rolling acceleratiors of
this desired nmagnitude.

Figure & shows how the thrust of a turbo-prop can "e made to rise
from its idling to its take-off power value within half a second
after its power control has heen advanced to the "full throttle"
position. With nropeller pitch chanre rates of up to 20 deprees
per sccond teing made available in propeliers desipnmed for turbo-
prop engine applications, it is evident that adeqnatelv ranid con-
trolled variation of propeller thrust can be provided.
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c devic s tor :mainlainin- sa: serol Jollowins "n"re o
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r gecvion andes the ost critvical aovaerire contitions, I,
:xarple, one ou.roard an~ine so:rlor falled uiile the aliscal
. ‘ o . o e
sterine a2t 6000 feel alznitude and 9 ~,, Louwer o il re i

.
ang Lue remeclr o endnaciy
‘

. in tne opposite outboard nacaelle

ag immedintelr advanced Lo -ililar: oower, MNormal
vt son, assetin Lnat ne o inidially unaware of =8 %,

te apply roll control to maintairn lewel attitude and in-
tne povrr lever settine s “c rairtain aliitudes Hewewer,

‘ *=al rance of roll contlrol .ravel will rorrmally providie aioit
b3 ‘cent chanre in nower settings, wricn corresponds rousiiy

’ narcenta~e rv waich nilitary vower exceeds rorrmal rated

re hus, anplication of full roll conirol «#@iil rot ‘¢ s:if:i-

: v tri;m the airera®s and automatic wans of ecompensatline for
Pide sation and simultancously simalin~ the pilot that an

reer -+ exists should “e dovelopeds Tie Teasitilivy of dis-ensing
t o~=connectine shafts mayv 2 contin~ent unon su::essftl

pret of such a davice, Effort in this diraction is stronmly

oM.l »j.

1 e

it ine Levelocment:

- 1iftad VTOL aircraft oroceller efficiency in forward
"t srmromised by tie essentialls consuant speed oneraticn

£ ! res, in order to rairtsin reasonable thernmal efficierncy.,

i ot ropeller for the cruising condition of a2 Provellorlane
‘ransport woild te about 15 feet in diameter. The lar-er diameter
rcyuired for satisfactery static thrust in hoverins results in re-
duced prepulsive efficiency in cruising, if the same tip spe2d is
maintaineds If the tip speed is reduced 25 percent, tiwe pronulsive
efficiency can be increased to about 90 percent. In this study
propeller tip speed was considered a constant 900 feet per secernd,
which was found to lLe the ontimum compromise value for this missione
The development 'of twin-spool turbines which nermit a wider variation
in propeller operatine speed witheut penalizing he turbire efficiency,
would inprove Propelloplane performance appreciablye This improvement
must be weirhed arainst the increased weicht, cost, and maintenance
associated with the more ccmpnlicated free turbine engine,
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ModemCAar:ro dandlin~ kethoas:

Militery c<ponsored studics ¢ wmethords of handl'nr air carco ourently

in nronoress siow that remarkable rains in transpo~i capacity are attain-
able by using encineered, interrated car-o hiandline svs ops. .o
spectactlar nerformance of the Provelloplane Transvort vonul: .

improved more by modern method of loacin~ and wunloadin~ .ar7o " 2caise
of the Llover block-to-block time, Liis 1tem 18 clted merely to call
attention to the work that is bteinr done in this field and ‘o surrest
that is is appropriate to consider its imnlications at the earlicst
stares of plannine for future carco aircrafts
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ENGINE AND NACELLES

by b8

EIGHT ENGINES - FOUR NACELLES
NO INTERCONNECTING SHAFTS

S D .

FOUR ENGINES - FOUR NACELLES
INTERCONNECTING SHAFTS

(3] I‘i
X ti

v

FOUR ENGINES - TWO NACELLES
INTERCONNECTING SHAFTS

FOUR ENGINES - TWO NACELLES
ENGINES GROUPED IN FUSELAGE

AUXILIARY CONTROL

!

TAIL JET
AUXILLIARY TURBOJET ENGINES

L

s

TAIL ROTOR
AUXILLIARY TURBOPROP ENGINE

d

TAIL JET
MAIN ENGINE AIR BLEED

L

TAIL ROTOR
MAIN ENGINE DRIVEN
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DUAL TANDEM
WHEELS AND SKID

LANDING GEAR

LOW PRESSURE
DUAL TANDEM WHEELS

FUEL STORAGE

PYLON MOUNTED TANKS

CABINS

TIP MOUNTED TANKS

PRESSURIZED
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T

| ]

ey, ?

HIGH PRESSURE
MULTIPLE WHEELS

FUSELAGE TANKS

PROPELLERS

SINGLE ROTATION

DUAL ROTATION
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MODEL 10480
PERFORMANCE

8000 Iba

CRUISE SPEED RADIUS
ACTION

: MODEL
I]WNH]]]]]]SPECIFICATION : 10480

COMPARATIVE WEIGHTS

GROSS WT.

EMPTY WT

1048A 10488 1048D
(1965) (1960) (1958)
GROSS WT. 71250 101000 83600
EMPTY WT. 50200 70935 59820
FIRST LANDING 65650 91050 76000
2nd TAKE OFF 61650 85600 71000
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MODEL 1048A
PERCENTAGE WEIGHTS
s
USEFUL POWER
LOAD PLANT

2980% E3063%

I

i

olo
FURNISHINGS 8 71

EQUIPMENT  \
35.30%
AIRFRAME 8 CONTROLS
FIG. 4
MODEL I048A
FORWARD SPEED VERSUS
WING TILT ANGLE
60— — T r—
140} — +
|20,. SN G 4
FWD. 100} +— +—+
SPEED
MPH.
80 ,—
|
60 t 1 = — ‘
|/f'
40 e
20 7 I [L !
I
90 80 70 60 50 40 30 20 10 0
WIMG ANGLE - DEGREES
FIG. 5
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MODEL 1048A
POWER REQUIRED VERSUS
THRUST WING TILT ANGLE
80,000 - : : SHAFT
HP
70,000} t +
THRUST
60,000 30,000
80000 25,000
40,000 20,000
30000} 15,000
20000} 10,000
10000} ——+ 4 ! { I 4 45,000
90 80 70 €0 580 40 30 20 10 0
WING TILT ANGLE
FIG. 6
MODEL 1048A
TAIL JET FORCE REQUIRED
FOR TRIM AS A FUNCTION OF WING
TILT ANGLE AND C.G. POSITION
f-TAIL JET FORCE AVAILABLE -
ONE JET ENGINE OUT
L e -- b
.03 —: I S — —|
| |
(e — |
\C;G.
(o]} - — W ———
| |
S A/N\ |
- :
fwd. C.G
_o,,//' |
-027 I S
-03
-04
TAIL JET FORCE AVAILABLE -
- o5l , .
ONE ENGINE OUT
i L
90° 80° 70° 60° 5C°
WING ANGLE - DEGREES
FIG. 7
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TYPICAL TURBINE TRANSIENTS
FROM TEST RECORDS

POWER
LEVER

BLADE
ANGLE

TIME -SECONDS

FIG. 8

MODEL 1048 A
MISSION PROFILE

10 MIN.

DESTINATION

W
POINT ML 802
N K. W PAYLOAD
\ v 1 )
\ 128 OUTBOUND B800OOLBS.
g RETURN  4000LBS.
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RETURN PAYLOAD - TONS
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MODEL 1048 A
PAYLOAD-RANGE PERFORMANCE

10— 12 1 e
— Y LRT TAKE~QOFF MISSION - BOTH ENDS
— = |
| — RUNNING TAXKE-OFF VERTICAL TAXE -OFF
' | @ OUTBOUND BASE
- : — ! ‘A l l 1 l
8 ° I T \ T T 1
‘ ﬂ |

ALL MISSIONS UNLOAD 2 TON PAYLOAD @
OUTBOUND BASE, LAST 85 STATUTE MILES
ADJACENT TO OUTBOUND BASE ARE FLOWN
AT SEA LEVEL . CRUISE ALL ALTITUDES AT
300 MPH — 4 ENGINES

——

] 2
| :
i

ITUDE CRUISE
AN N AT 25000 FT

F'S
|

OUTBOUND PAYLOAD—TONS
(2]

N\
NN
2 4 N
DESIGN \ N
ENTIRE MISSI MISSION N
AT SEA LEVEL \ .
= = MISSION \ \K
AT SEA .
LEVEL N
\
f\ N\ t
0 2 . >
ALTITUDE CRUISE I ‘ALTITUDE CRUISE 1 MIN.
AT 15000 FT AT 25000 FT PAYLOAD
ALTITUDE CRUISE
— - AT 15000 FT
STATUTE STATUTE | |
MILES MILES
200 400 600 800 1000 1200 1400
O ] ] | | | | |
200 400 600 800 1000 1200
NAUTICAL
MILES

RADIUS OF ACTION

FIG. 10
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HOVER TIME AT SEA LEVEL

GROSS WEIGHT X 1000 LBS

(MIN.)
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MODEL 1048 A

HOVER TIME VS RADIUS — SEA LEVEL, STD.

100

80

60

40

20

STATUTE

mices 100 260
o | - | -
T 2
RADIUS X 100
FIG. Ii
MODEL 1048 A
TAKE-OFF DISTANCE VS GROSS WEIGHT
100 SEA LEVEL, STO. DAY, SMOOTH LEVEL RUNWAY & NO WIND
90
80 \
MAX . OVERLOAD
DESIGN Gaoss+zo°/r,
70
DESIGN GROSS WEIGHT
60 //
50

0 500 1000 1500 2000 2500 3000 3500

TAKE-OFF DISTANCE TO CLEAR 50 FT —F1
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. 9! sLer 3,!‘."!\.1

o win- Tile Mechanis
10, X} FAUES 1 B o or Navelle Trous

11 Prepulsion rovy

e Ter 7 \
12, LK e onstalla =

11. Sreangaission ard Jriscs (4

1.:.. Fual Systen L
15, Water 'nicction Seste

16, Proocller Installation

17, Propellers (L)

18, Soinners (L)

19. Propeller Conirol

20. # Supplerental Zontrol Enrine Installation (

Supplomental System Conirol

22. Instrusents and Navizatio:n Equigrent Croup

2o lHwdraulic arg Preumatic “cup

2k. Electrical Sroup .

25« Electronics Groun

20. Furraisnines & Equipment ‘iroup

27. ##Accomrodations for Personnel 1185

28 Miscellaneous Equipment 130

29, Furnisnings s

30. Emerrency Equipment 510

31. Air Conditioning and Anti-Icine Zauiprent Jroup

3. Air Conaitioning 200

33 Anti=Icinp 600

3k Anti-Icing = Propel: } 300

35. Anti-Icing - Otner 300

36. Weight Erpty g

37. Usefnl Load R

38. Crew (3) 00

39. Fuel - Mission 11220

Lo, Fuel = Control V30

Ll. 0il 300

L2. Troops and/or Carso R000

L43. Desipn lross Weipgat 71250

llhe Fuel - Overload 0

L5. Wazer - Water Injection 0
71250

L6. Take-Off fiross Welipnt
* Engine instellations include air indnction systems, exhaust systems, cccling
systems, lubricating svstems, ensgine controls, and starting systems.
##Accommodations for personnel includes: 3 crew seats & safety harnesses = 150 1lbse;
35 infantry men seats = 350 lbs.; toilet # washing facilities = 200 lbs.; and
oxyr-er. installation (including charse) for 38 men for 3 hours duration = L85 1bs,
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Model
Lonzth (Overall)
swigtn (Curside of Prosell:r
icirat . - ¢
nelirnts and Loadin:s
3 2 Aoy LT
Palzac. L
lain Tuel, L's,
Aniliape Control Fuel, Lis,
, L' 3.
later-Alcotol, Lts,
Deal m Urass Jeirnt, uls,
Overinad ¥uel, Les,
Take<( e nt, L:s.
Wil
svan (2etween Cerntarlires of Outhoard
acelles)
Area, Sjuare Feaet
aspect datlo
Taper .atio
Airfoil
}:.A.C.
Tail
Vervical Tarl Areza, Square rect
Horizontal Tail Area, Squere Feet
Propellers

Diameter

Number nof Blades
Activity Factor
Tip Speed

Disk Loading
iPH

Landing Gear

wheel Pase

Tread

Tires, hain, f, Type VII
Nose 2, Type VII

Contact Area, Scuare Inches
Skids Lowered
Skids Raised

Auxiliary Control Turbo-Jets

Model
Normal Rated Thrust, Lbs.
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ﬁul - 3n Okl - 3u
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32 x 5.6 30 x O.8
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25L6 3630

971 1360

"1965"  1X2273
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29 X Ta7
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